A population of Monarch butterflies was sampled at different times of the day on seven separate occasions. Four polymorphic loci (Pgi, Pgm, Idh and Hbdh) were examined and heterozygosity levels were compared between early and late fliers. For both Pgi and Pgm significantly higher frequencies of heterozygotes were caught early in the morning indicating that heterozygotes were active earlier in the day than homozygotes. A separate experiment confirmed that there were no differences between homozygotes and heterozygotes in activity later in the day. No consistent relationship was found for the other two loci. The possibility that selection may be acting at the Pgi and Pgni loci is discussed.
INTRODUCTION
and Zalucki et a!. (1987) reported on a long term study of genetic variation in continuously breeding populations of Monarch butterflies, Danaus plexippus, in southeast Queensland, Australia. Both studies recorded spatial differences in genetic variation of Monarchs, although the level of variability was lower in the second study. The second study reported some influence of weather, and possibly time of day, on genotype frequencies in these butterflies. We suggested (Zalucki et a!. 1987 ) that if different genotypes are active at different times of day, then between locality variation would appear to be higher than it truly is, because of biases introduced by the time at which a sample was taken. Indeed, Watt eta!. (1983) , who showed activity time differences among Pgi genotypes in Colias butterflies, warned that activity time differences, if not identified, could lead to a misinterpretation of the genetic structure of a population.
We also showed that Monarchs are not selecting habitats as a function of genotype (Zalucki et a!., 1987) , which again indicates that the spatial differences in genetic variation may be an artifact of sampling technique. Activity time differences between genotypes are themselves of interest. An ectotherm, such as a butterfly, is dependent on environmental conditions, especially temperature, for its activity.
Activity time differences between genotypes in monarch butterflies would raise the possibility that selection might be acting at the loci in question. In fact, Watt (1977) , and Watt et a!. (1983 and 1985) have shown that daily activity differences play a major role in natural selection acting at the Pgi locus in Colias butterflies.
In an attempt to identify underlying causes of previously reported spatial differences, and to look for differences in activity time in relation to possible selective effects, we examined the effects of time of day on heterozygosity levels at four polymorphic loci (Pgm, Idh, !T-Ibdh and Pgi) in Monarch butterflies. Three of these loci, Pgm, Idh, and Hbdh, were examined in the previous studies, and Pgi is added here.
MATERIALS AND METHODS
All experiments were conducted at Mt Crosby On all collecting days we arrived at the site by sunrise. The first collecting period lasted for 1 hour after the first butterfly was seen to make a sustained voluntary flight. Only voluntarily flying butterflies were netted. The second and third collecting period followed after a -1 hour break. During the second (and subsequent) netting period all butterflies seen were netted. Temperatures in second (and subsequent) periods exceeded flight threshold (ca. 15°C, Masters, in press; Alonso et al. in press) and it is reasonable to assume that all animals had been and could be active. For the purposes of this paper we classified collections as early (the first period) or late (all subsequent collections). To ensure a large sample and coverage of the site during each capture period, at least 3 (usually 5) collectors were present. Despite the large sampling effort the area was sufficiently large and the population of monarchs large enough to approximate sampling with replacement. A mark-recapture estimate made between 29 November 1985 to 5 December 1985, indicated that we were only removing between 7-11 per cent of monarchs in each sampling period.
Air temperatures were monitored regularly throughout each experiment.
As part of another study, we conducted an extensive mark/recapture experiment to compare the consistency of the timing of activity across days. To test if activity per se differs between heterozygotes and homozygotes in late sample periods we present some results of this experiment here (Hughes, Zalucki, Carter and Arthur, in preparation) . Samples were collected in the same manner as outlined above, except all animals in late samples were classified into activity categories before capture viz; inactive: feeding, basking, resting; and active: flying, mating. For late samples we compared activity in relation to heterozygosity at the four loci using a three-way log-linear analysis.
Individuals were killed by severing the ventral nerve cord. The abdomen was immediately homogenized, centrifuged, and the supernatant electrophoresed on Titan 111 cellulose acetate plates (Helena Laboratories) and genotyped for Pgm, Idh, and Hbdh in the manner described by Hughes and Zalucki (1984) Time of day affects heterozygosity levels, and there are more heterozygotes flying in the morning than later in the day at both Pgi and Pgm loci. There are no consistent deviations from HardyWeinberg equilibrium at either of these loci, so levels of heterozygosity are changing with changes in allelic frequency.
Hbdh does not have a significant heterozygote by time of day interaction term; thus heterozygote levels are independent of time of day at this locus. Idh has a significant three-way interaction indicating that there is no consistent effect of time of day Recent studies reviewing life table work on Lepidoptera (Dempster, 1983; Shapiro, 1986) indicate that the key factor limiting population increase is the inability of females to lay their egg complement. This limitation is by adverse weather conditions limiting the amount of time in a day that adults can be active. This suggests that there should be strong selection favouring any genotypes that become active earlier in the day especially if this means they can be active under a wider range of weather conditions. As we have pointed out, this result makes our previously reported locality variation appear to be higher than it really is (Zalucki et al., 1987) . Thus our earlier results can be explained in part by differences in activity times.
These differences in daily activity times also raise the possibility of functional differences between allozymes produced by the Pgi and Pgm genes. Watt (1977 Watt ( , 1983 found that functional differences between Pgi allozymes explained observed differences in activity times between Pgi genotypes in Colias butterflies, (It is interesting to note that Carter and Watt (1988) did not find daily activity time differences between Pgm genotypes in Colias). Furthermore, Watt (1977) , Watt et a!. (1983 Watt et a!. ( ), (1985 and (1986) demonstrated how the observed differences in activity times between Pgi genotypes in Colias resulted in increased survivorship for Pgi heterozygotes and increased male mating success for male Pgi heterozygotes. The results reported here suggest that similar studies in the continuously breeding populations in monarchs in Queenslands would be of interest.
